THOUGH programmed learning is an educational technique which is gaining increasing acceptance In other spheres, its possible usefulness in medical education largely remains to be evaluated. The purpose of this investigation was to determine the relative efficiency of a teaching-machine course in electrocardiography and a series of conventional lectures on the same subject. In planning the experiment we were guided by the criteria laid down by Cheris (1964) for valid comparisons of programmed and non-programmed instruction.
The Programme
Electrocardiography was chosen as a particularly appropriate subject for programming, being logical, self-contained and well adapted for visual presentation. The programme, development of which has already been described (Owen, Hall and Waller, 1964) , was written by one of us (S.G.O.) for the purpose of this trial. It was "validated" (i.e. tested) on twelve final year medical students and subsequently revised. The final version* used in this experiment consists of 604 pages or "frames", 254 of which represent the main learning sequence and the remainder remedial material.
Presentation was by means of the Grundytutor teaching machine. Each student had his or her own machine, and four stand-by machines were also available in case of breakdowns. Students were allowed to use the machines whenever they wished and a technician was always availa-ble to deal with mechanical faults. Each student was provided *Published in December, 1963, as with a note-book and log-sheet and was required to record the duration of each session spent at the machine.
The Lectures
The lectures, which were all given by one of us (R.H.), were prepared from the teaching programme and fulifilled the most important criterion of any comparative study-that of identical content. Concepts and examples were the same as those used in the programme and all diagrams and electrocardiograms in the programme were reproduced as slides and projected during the lectures. Fourteen lectures were given, each of 50 minutes duration. This number was not fixed in advance, in order to allow the lecturer optimal coverage of the subject. An attendance register was kept, and students who missed a lecture had it repeated to them before the next session. The Subjects Seventy-seven medical students at the end of their fifth year of study volunteered to take part in the experiment. None had much knowledge of electrocardiography. Thirty-six students were allocated to teaching-machines (the number available) and the remaining forty-one to the lecture series, the two groups being matched on the basis of previous academic performance. Mean "academic ratings" (derived from the sum of scores in professional examinations) were identical (machine group 68.5 + SD 19.52; lecture group 68.5 + SD 20.59). There was no other basis of selection except in the case of six female students with prearranged resident midwifery appointments who were assigned to machines because of their inability to attend lectures. At the end of the experiment, students in both groups were also asked to complete a questionnaire designed to assess their subjective reactions to the teaching methods.
Results

Overall Comparison of Teaching Methods
The distribution of final test scores is shown in Fig. 1 . There was no significant difference in performance between the two groups of students. Both methods of teaching were effective, as shown by the comparability of the students' scores to those obtained by the eight hosnital officers with practical experience in ECG interpretation.
Nor did either method prove more efficient in terms of total learning time required (Table  1 ). The average time taken to complete the machine course (14.3 hours + SD 5.82) was appreciably longer than the time spent in lecturing to the control group (11.7 hours), but the latter spent significantly more time on additional work during the course -a not unexpected finding, since both the continuous accessibility of the teaching-machines and their built-in facility for self-paced revision would tend to reduce the amount of work done ;away from them. It should be noted, however, that the lecture group also spent more time on Teaching Method and Academic Ability Table 2 shows the mean test scores for the two teaching methods subdivided according to previous academic performance. Only in the lowest academic group were machine-taught superior to lecture-taught students (mean differ- Teaching Method and Sex Although there was no significant overall difference between the mean test scores in the two sexes, analysis of variance revealed a highly significant interaction between sex and teaching method which suggested that men were more effectively taught by teaching machines whereas women learned better from lectures. Similarly, machine-taught men were probably superior to machine-taught women *(P<.10) but lecturetaught women were superior to lecture-taught men (P<.02). This apparent sex difference in teaching method effectiveness was due at least in part to initial differences in academic ability among the four sub-groups. However, even after elimination of the initial bias by analysis of covariance (Table 3) , there still appeared to be a significant interaction between sex and teaching method (F1, 72 = 6.06, P<.025). We believe that this rather surprising conclusion should be treated with reservation pending the results of further similar studies. One factor which may have in some measure contributed to the effect was the necessity for assigning six female students who were engaged in their resident midwifery appointment arbitrarily to the machine group, since they were unable to attend lectures. In relation to their known academic ability, their test performance was lower than that of the other 71 students. That this should be so is not difficult to understand, since conditions for studying during their residence in the maternity hospital were worse than those for other students.
Teaching Method and Overseas Students
English was not the native tongue of eleven of the seventy-seven students who took part in this experiment. Although they formed a small minority, it seemed important to determine the relative effectiveness of the two teaching methods in this special group. As before, the highly significant regression of test scores on previous academic performance was utilized by means of covariance analysis to minimise the effect of sampling fluctuations in academic ability. Table 4 shows that, despite covariance adjustment for their poorer previous academic performance, the overall test scores of the overseas group were lower than those of the British students (P<.05). We feel that this is unlikely to represent any special difficulty in electrocardiography for the overseas students; more probably professional examiners, consciously or subconsciously, tend to make allowances for such handicaps as language difficulty, whereas the electrocardiography test, being wholly objective, could not be so influenced.
It is, however, of great interest that while the performance of overseas students in the lecture group was much poorer than that of their British colleagues (P<.01), in the machine group they did at least as well. Though the numbers are small, the data suggest that overseas students are at a disadvantage when taught by conventional lectures and that this can be overcome by programmed learning. Their greater fluency with the written than the spoken word and the advantages of self-pacing may be responsible for these results. Table 5 summarises the opinions of the 36 students in the machine group about this method of learning.
Students' Reactions
Summnary
Programm&d instruction in electrocardiography presented by a teaching machine produced results just as good as very carefully prepared lectures. For academically poorer students and for those whose native tongue was other than English, the programme was probably the more effective teaching method. In this experiment women appeared to learn better from lectures and men from the programme, but further study is required to confirm the generality of this result. The students reacted favourably to programmed instruction and to teaching -machines and expressed their preference for these over conventional methods of learning. when they do they do so often with an apparent diffidence, an attempt to disguise perhaps, this supposed area of ignorance which may not really exist at all. If you could have some of these teaching machines and some good programmes in centres where general practitioners perhaps could go on their own in a small booth and really work the thing out for themselves, I believe you would have made a real advance in getting it over to them. I would like to get other people's comments. GOODMAN. One of the significant findings of most researchers in this field is that when you attempt (and whether this is justified or not, I don't know, I suspect it is probably not), to compare learning results from the use of teaching machines as opposed to programme texts, there is no significant difference, at the level of programming techniques that we have today. It might therefore be just as well not to try to provide medical practitioners with teaching machines in the field but to send them out programme texts which they could, in the relative comfort of their own homes, work through, rather than dragging them out to centres where the machines are. This is the kind of thing which I believe has at least been done on one occasion by Messrs. Pfizer in the States using a programme on Allergy and Hypersensitivity. A QUESTIONER. Dr. Lewis has mentioned booths for learning and I would suggest that they could be put on the pier at Brighton instead of "What the is that using a teaching programme doesn't convert you into being a goon, it prevents you being one, because with ordinary teaching methods all one has to do is to sit back and you present them with the material-whereas, with the teaching programme, the essence is that you participate in it so you get much more thought involved in learning than you normally do. This is a very good trend.
EAST (Pfizer). Fdrst I would also like to congratulate Dr. Hall on his excellent paper. There is one query I would like to make-this is something which was brought up 'by Mr. Goodman-that you are testing the machine against lectures which presented identical material as the machine was, i.e. the programmed stuff was being given by the lecturers. Would it not have been a much fairer test of the ty,pe of method, to have asked the lecturers who had better reputations for lecturing in the Unit, to prepare their own lectures to cover the same ground, in other words, the same way as they would have done had there been no machines and then really see what the answer is then. HALL. Well, there are a whole host of ways we could have done this. We thought the most important thing was to make sure that there were absolutely identical contents in the two courses and then the only thing tested was the method of teaching. We thought that if we introduced any other variables into this it might be more difficult. Really the way you design this experiment you can get any result you want and we wanted to bias it as much in favour of the lecture group as possible because any new teaching method should be able to stand on its own feet and be better than the best that you can produce by a conventional method. We thought that this was probably the fairest thing in the long run but I Admiralty did three experiments. Very briefly, they did a comparison test on the lines that we have been discussing and on the whole there were favourable results so far as the teaching machine presentation was concerned. They then repeated this and the results were disastrous from the point of view of the teaching machine. What happened was, that instead of actively using the human tutor at all they demoted him to the position of supervisor to prevent the machines being thrown out of the window by irate ratings. The result was that not only were the examination results extremely bad, but it is said, the unfortunate instructor very nearly had a nervous breakdown. They then had the courage to proceed to a third experiment in which they now used the human teacher in a very much more active tutorial function. He went around, he discussed with the students, while they were working on the machines, their problems, he got to know tlhem individually and the results were extremely exciting.. The performance from that group, which was a very average one, in the conventional tests was splendid and not only did the human instructor not have a breakdown, but what is more he expressed the view that this was a very exhilarating experience. He had got to know his students individually for the first time and was able to do this, conscious of the fact that 99 % of them would be continuing to work and learn, while he was dealing with one particular individual. Finally, if I could tell you a story which is relevant to Dr. Hall's experience: In the early days of programming, a comparison test of the kind that we have been discussing took place and to everybody's horror, at least to the horror of the teaching machine addicts, the human instructor did very very significantly better than the machine. This really was a scandal. But in point of fact the reason was that the lecturer had himself written the programme and had gained so much as a result, that he had done better than the actual machine.
